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1.Introduction 
The Bohai Sea is connected to the Yellow Sea through the narrow Bohai Strait and contains three 
main bays, Liaodong Bay in the northeast, Bohai Bay in the west and Laizhou Bay in the south 
(Fig.1).  The Yellow River is famous for its sediments load into the Bohai Sea.  The average river 
discharge was 4.1×109 m3 per year and the sediment load was 0.54 × 108 tons per year in 2002 
(MINISTRY OF WATER RESOURCE OF THE CHINA, 2002).  The plume of suspended matter 
near the river mouth often visualizes the injection of Yellow River sediments into the Bohai Sea.  
 
There has been no study which explains the dispersion processes of the suspended sediment 
originated from the Yellow River in the Bohai Sea. In this study, we first develop a numerical 
model of tidal current and density-driven current in the Bohai Sea.  Then, we investigate the 
transport processes of suspended sediment originated from the Yellow River using a 
three-dimensional suspended sediment transport model of the Bohai Sea.  The objective of this 
study is to explain the spreading pattern of the suspended sediment dispersion originated from the 
Yellow River in the Bohai Sea.  
 
 
Fig.1 Bohai Sea is located in the 
northeast of China (upper panel). 
The modeled region is enlarged in 
the lower panel.  Solid circles in 
the lower panel show the locations 
of 13 tide gauge stations.  An open 
circle in the lower panel shows the 
grid location of the particle source 
(i.e. the Yellow River mouth). 
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2. Numerical model for the current 
Short-term, seasonal and spring-neap tidal variations of the Yellow River plume in the Bohai 
Sea were investigated using NOAA AVHRR visible band images in 2002 (YANAGI and HINO, 
2005).  From this study, there was no distinct seasonal variation in the Yellow River plume 
spreading in the Bohai Sea.  Thus, the wind-driven current is neglected in this numerical 
experiment, because the seasonal variation in the wind-driven current is very large in the Bohai Sea 
(JIANG and SUN, 2001). The tidal current, tide-induced residual current and density-driven current 
in the Bohai Sea are simulated by the Princeton Ocean Model (BLUMBERG and MELLOR, 1987).  
The calculated tidal current ellipses at the surface for four major tidal constituents are shown in 
Fig.2.     
  
Based on these calculated tidal currents, we obtained the Eulerian and Lagrangian tide-induced 
residual currents.  The maximum Eulerian tide-induced residual current by 2 2 1 1, ,  and M S K O  
tidal constituents, which was obtained by averaging the calculated results  
during 30 2M  tidal cycles, is about 7 cm/s and it produces an anticlockwise flow along the coast 
of northern Bohai Bay and a clockwise flow along the coast of western Laizhou Bay at the surface 
as shown in Fig.3 (a).  Above the bottom, the Eulerian tide-induced residual current is moderate or 
weak as opposed to the surface one as shown in Fig.3 (b).  The Lagrangian tide-induced residual 
current is shown in Fig.3 (c) and (d).  At the surface, the current speed is about 5 cm/s.  However, 
in the central region of the Bohai Sea, the velocity is less than 1 cm/s. The Lagrangian tide-induced 
residual circulation forms a clockwise flow from Laizhou Bay to Bohai Bay along the coast.  It is 
completely different from the Eulerian tide-induced residual current shown in Fig. 3 (a).  Above 
the bottom, the Lagrangian tide-induced residual current is weak as opposed to the surface one.    
Fig.2 Distribution of 
2 2 1 1( ), ( ), (c) and ( )M a S b K O d   
tidal current ellipses at the sea  
surface. 
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Fig.3  (a) Eulerian tide-induced residual current at the surface of the Bohai Sea, (b) Eulerian 
tide-induced residual current above the bottom, (c) Lagrangian tide-induced residual current at 
the surface of the Bohai Sea, and (d) Lagrangian tide-induced residual current anove the bottom 
by 2 2 1 1, ,  and M S K O  tidal constituents. 
 
Because of the Coriolis effect, it is expected that the Yellow River fresh water spreads with the 
coast on the right hand side.  The calculated result of the density-driven current shows that the 
southeasterly current exists at the surface around the Yellow River mouth (Fig.4 (a)).  Above the 
bottom, the density-driven current is in the opposite direction to the surface one (Fig.4 (b)). 
  
3 Suspended sediment dispersion originated from the Yellow River 
In order to investigate the behavior of the suspended sediment dispersion originated from the 
Yellow River in the Bohai Sea, other experiments were conducted using the transport model with 
Fig.4  (a) Density-driven current at 
the surface of the Bohai Sea and 
(b) density-driven current above 
the bottom by the Yellow River 
discharge. 
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the Euler-Lagrange method.  The transport model is a 3D random walk model, which consists of 
two parts: 1) the movement of the suspended matter in the water body; 2) the deposition and 
re-suspension processes at the seabed.  We can track the movement of material in a numerical 
model using the Euler-Lagrange method (YANAGI and INOUE, 1995) where the movement of a 
particle is tracked in the Lagrangian sense under the Eulerian current field.  
   From the sediment composition in the Yellow River at Lijin station (see Fig.1), silt (particles 
with the diameter of 4-64 µm) makes up about 75 % of suspended sediments (LI et al, 1998).  In 
addition, the yearly averaged sediment diameter was 28 µm at Lijin station (MINISTRY OF WATER 
RESOURCE OF THE CHINA, 2002).  Hence, we injected different sized particles (small, middle and 
large) with the same density of 2.5 g/cm3, which are shown in Table 1, from the Yellow River 
mouth. 
  
    We conducted two experiments which correspond to spring tide and neap tide, because YANAGI 
and HIINO (2005) showed that the spreading pattern in spring tide was different from that in neap 
tide as shown in Fig. 5.   
 
Fig.5  The Yellow river suspended sediments spreading from satellite images averaged in spring 
tide (a) and in neap tide (b) during 2002 (YANAGI and HINO, 2005). 
 
In the first experiment, 200 particles were injected at spring tide and tracked until next spring 
tide for each particle size.  In the second experiment, also 200 particles were injected at neap tide 
and tracked until next neap tide for each particle size as shown in Fig. 6.   
  
Fig.6  Calculated tidal level at Qinghuangdao City (Stn. 6 in Fig.1).  
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4. Calculated results 
    The calculated patterns of suspended sediments distribution injected from the Yellow River 
mouth in the Bohai Sea are shown in Fig.7 (a) and Fig.7 (b).  
    In the case of only considering the tidal current effect, the results show that most of small and 
middle sized particles from the Yellow River were transported mainly from Laizhou Bay to Bohai 
Bay with the coast on the left hand side as shown in Fig.7 (a).  The spreading pattern well 
coincides with the Lagrangian tide-induced residual current in the surface layer, which is shown in 
Fig.3 (c).  In the case of considering the tidal current and density-driven current effects, the results 
show that most of small and middle sized particles from the Yellow River were transported mainly 
from Laizhou Bay to Bohai Bay with the coast on the left hand side, and a part of small and middle 
sized particles from the river mouth were transported with the coast on the right hand side in 
Laizhou Bay near the river mouth as shown in Fig. 7 (b).  This is due to that the Yellow River 
fresh water produces a clockwise density-driven current in the surface layer near the Yellow River 
mouth as shown in Fig. 4 (a).  However, most of large sized particles were deposited within one 
day near the Yellow River mouth and they did not move again in both cases as shown in Fig.7.  
 
Fig.7 (a)  Results of the calculation including only the tidal current effect.  Upper number shows 
the total number of moving particles and lower number the total number of particles injected from 
the Yellow River mouth. 
(b) those including the tidal current and density-driven current effects. 
    Furthermore, the spreading area during the spring tide is wider than that during the neap tide 
due to the re-suspension by the strong tidal current as shown in Fig. 7 (a) and (b).  This is in 
agreement with the results from satellite images shown in Fig.5 (YANAGI and HINO, 2005). 
 
5. Conclusion   
The used transport model is a 3D random walk model, which consists of two parts: 1) the 
movement of the suspended matter in the water body and 2) the deposition and re-suspension 
processes at the seabed.  The results from the numerical simulation by the transport model could 
explain the spreading pattern of the suspended particles observed from satellite.  
    The important findings in this study are: 1) the spreading area of the suspended particles 
during spring tide is wider than that during neap tide due to the re-suspension by the strong tidal 
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current, and 2) the spreading pattern of the suspended particles from the Yellow River in the Bohai 
Sea is mainly determined by the Lagrangian tide-induced residual current and the density-driven 
current.  
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